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Abstract: Fenoxycarb 0-ethyl N-(2-(4-pheoxyphenoxy)-ethyl) carbamate is the most potent juvenile hormone analogue
(JHA) against a variety of insect species including the silkworm Bombyx mori. In this study, we aimed to demonstrate
the effects of this juvenile hormone on major hemolymph proteins of Bombyx mori during the fifth larval instar, by using
fenoxycarb and clarifying the interactions between these proteins and the juvenile hormone. Topical applications of
fenoxycarb to the fifth instar larvae of Bombyx mori were performed immediately after the fourth ecdysis (on day 0) and
at the beginning of the prepupal period (on day 6). Fenoxycarb application on day 0 increased the length of instar in both
sexes and induced high total protein content in the hemolymph. When fenoxycarb application was performed on day 6,
there was no difference in the length of larval instar and a similar total protein amount was reached with control. Detected
hemolymph proteins are grouped as follows by using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDSPAGE): storage proteins (72 kDa-76 kDa), 30kDa proteins, lipophorin (230 kDa), and vitellogenins (178 kDa and 42
kDa). Our results suggest that major hemolymph proteins have different sensitivities to fenoxycarb and that application
days and sex are more important factors to get response.
Key words: 30K proteins, Bombyx mori, fenoxycarb, hemolymph proteins, lipophorins, storage proteins, vitellogenins

İpekböceği Bombyx mori’de, son larval evre süresince juvenil hormon analoğu
fenoksikarb’ın temel hemolenf proteinleri üzerine etkisinin araştırılması
Özet: Fenoksikarb 0-ethyl N-(2-(4-pheoxyphenoxy)-ethyl) karbamat, ipekböceği Bombyx mori’yi de içeren farklı böcek
türlerinde en etkili juvenil hormon analoğudur. Bu çalışmada, fenoksikarb kullanılarak ipekböceği Bombyx mori’de
beşinci larval evre süresince temel hemolenf proteinleri üzerine juvenil hormonun etkisi ve bu proteinlerle juvenil hormon
arasındaki bağlantının aydınlatılması amaçlanmıştır. Bombyx mori’de 5. larval evrede topikal fenoksikarb uygulamaları
4. larval deri değişiminden hemen sonra (0.gün) ve pupa öncesi periyodun başlangıcında (6.gün) gerçekleştirilmiştir. 0
günde fenoksikarb uygulaması her iki eşeyde de 5. larval evreyi uzatmış ve total hemolenf protein içeriğinin artışını
uyarmıştır. Altıncı gün fenoksikarb uygulamaları sonrasında larval evrenin süresinde herhangi bir farklılık olmamıştır.
Elektroforetik olarak belirlenen temel hemolenf proteinleri şu şekilde gruplandırılmıştır: 30K proteinleri, depo proteinleri
(72 kDa, 76 kDa), vitellogenin (178 kDa, 42 kDa), lipoforin (230 kDa). Çalışmamızın sonucunda temel hemolenf
proteinlerinin fenoksikarb’a hassasiyetlerinin farklı olduğu; uygulama gününün ve eşey faktörünün önemli olduğu
sonucuna varılmıştır.
Anahtar sözcükler: 30K proteinleri, Bombyx mori, depo proteinleri, fenoksikarb, hemolenf proteinleri, lipoforinler;
vitellogenin
* E-mail: uranli.ramazan@gmail.com
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Introduction
The juvenile hormone (JH) and the 20hydroxyecdysone (20E) regulate a large number of
processes on insects, mostly metamorphosis and
reproductive maturation, but also behavior,
morphology, diapause, stress resistance, immune
function, and aging (Nijhout, 1994; Dingle and
Winchell, 1997; Flatt et al., 2005; Flatt et al., 2006).
Quantities of JH and 20E titers have fundamental
importance for the development of insects (Dedos
and Fugo, 1996). During molting and metamorphosis,
JH determines the characteristics of ecdysis: releasing
of 20E in the presence of JH triggers the larval-larval
molts, but in its absence it causes larval-pupal and
pupal-adult transformations (Riddiford, 1985).
Fenoxycarb is a potent juvenile hormone analogue
(JHA) against a variety of insect species including a
silkworm, B. mori (Kamimura and Kiuchi, 1998).
Application of the juvenile hormone (JH) or JHA in
early larval instar can induce prolongation of the
larval stage and inhibit the initiation of larval-pupal
differentiation (Sakurai and Imokowa, 1988). During
the development of holometabolous insects, processes
such as the destruction of certain larval tissues,
rejuvenation, and remolding of various tissues into
adult ones lead to the synthesis and utilization of
various macromolecules (Hyrsl and Simek, 2005)
including the proteins. Hemolymph proteins are
synthesized by fat body cells and then secreted into
the hemolymph in a time-dependent situation during
post embryonic development and metamorphosis
(Tojo et al., 1980; Tomino, 1985; Kishimoto et al.,
1999). Several classes of abundant insect hemolymph
proteins have been identified of which productions
are regulated by hormones (Tojo et al., 1980;
Goodman et al., 1985; Cole et al., 1990). The
abundant hemolymph proteins of B. mori are
lipophorins, female specific protein vitellogenin,
storage proteins, 30K proteins, and some
undetermined proteins (Gamo, 1978; Tojo et al., 1980;
Tomino, 1985; Hyrsl and Simek, 2005).
30K proteins are major hemolymph proteins that
include the storage proteins (Kishimoto et al., 1999).
In silkworms, the 30K proteins are barely detected
until the later stage of the fourth instar larvae (Gamo,
1978; Izumi et al., 1984). At the fifth instar, their
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amounts increase sharply and they are concentrated
in fat bodies (Ogawa et al., 2005). Physiological
functions of 30K proteins are mostly still unknown.
Previous studies suggest that some of them may be
involved in inhibiting apoptosis (Kim et al., 2003; Park
et al., 2003) and/or play a role in self-defense (Ujita et
al., 2005). Insect hexamerins called storage proteins,
circulate as oligomers of approximately 450 kDa and
their subunits of about 75-80 kDa (Telfer and Kunkel,
1991; Terwilliger, 1999). Silkworms have 2 kinds of
storage protein (SP): SP1, which is methionine rich,
and SP2, which is arylphorin. Storage proteins exist
st
th
in hemolymph from 1 to 5 instar of B. mori larvae
(Nagata and Kobayashi, 1990). Just before pupation,
storage proteins are taken up by fat body and used to
form new structures such as somatic tissues and
female reproductive products (Nagata and Kobayashi,
1990; Terwilliger, 1999). Vitellogenin is a tetramer
with molecular weight of 440 kDa, composed of each
two molecules of non-identical subunits termed
‘heavy chain’ and ‘light chain’ (Izumi et al., 1980). In
B. mori, vitellogenin is synthesized by the fat body
cells of females at larval-pupal ecdysis and released
into the hemolymph before being taken up by the
developing oocytes (Yano et al., 1994). Lipophorin
(Lp) of B. mori has a native molecular weight of 730
kDa and consists of ApoLp-I and ApoLp-II with
molecular weights of respectively 250 kDa and 90 kDa
(Kim and Kim, 1994).
Hemolymph protein profiles of B. mori (Hyrsl
and Simek, 2005) and their expression rate in the fat
body have been studied in detail (Izumi et al., 1984;
Bosquet et al., 1989; Kishimoto et al., 1999), but there
is no report of the effects of the juvenile hormone on
hemolymph proteins. Therefore, in this study, we
topically treated a juvenile hormone analogue (JHA)
fenoxycarb just after fourth larval ecdysis (day 0) and
after hemolymph first peak of 20E (day 6) of fifth
instar larvae of silkworm, B. mori. We compared the
control and fenoxycarb application groups of major
hemolymph proteins in males and females, using
Bradford assay and sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). We
investigated repressive and stimulant effects of
fenoxycarb on hemolymph protein profiles in a
time-, dose-, and sex-dependent manner.
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Materials and methods
Insects and fenoxycarb treatment
B. mori larvae were used for this experiment.
Hybrid B. mori (white monovoltin Japan × Chinese
hybrid) eggs were provided from Bursa Cocoon
Agriculture Sales Cooperatives Association
(Kozabirlik). Insects were reared at 24 ± 2 °C
temperature, under 65%-85% relative humidity, and
in natural photoperiodic conditions at the silkworm
culture laboratory, and fed with fresh mulberry leaves.
Fenoxycarb, supplied by Riedel-de Haën, was
dissolved in acetone and the diluted solutions were
stored at −20 °C. Then 1 ng and 10 ng of fenoxycarb
dissolved in 10 μL of acetone was treated topically
with a micropipette on day 0 and day 6 of the fifth
instar larvae. Each experiment group contained 150
of larvae.
Hemolymph collection
Hemolymphs of insects were collected every 24 h
from day 0 until pupation. Ten larvae were used for
hemolymph collection each day. The insects’ first pair
prolegs were cut by scissors and the hemolymph was
collected into Eppendorf tubes that were kept in ice.
To prevent melanization we added 75 μL of 2 mM
phenylthiourea solution to each tube. Samples were
centrifuged at 14,000 × g for 15 min and the
supernatant was stored at -80 °C in a deep freeze.
Bradford protein assay
Bovine serum albumin (Pierce) was used as
protein standard. Various concentrations of standard
and 30 μL of diluted hemolymph were reacted with
1000 μL of Bradford reagent (Sigma) in polystyrene
cuvettes. Each sample and standard absorbance was
measured as 595 nm with a spectrophotometer
(Unicam heλios α V 1.30).
Electrophoresis
Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed with a
Biorad protean II xi Cell electrophoresis apparatus in a
discontinuous buffer system according to Laemmli
(1970). All solutions, buffers, and gels were prepared
according to apparatus instruction manuals. We used
10% separating and 4% stacking gel. Five micrograms of
protein obtained from each sample was placed in each
well and samples were run at 100 V overnight. Bio-rad

marker was used for calibration. Gels were stained with
silver nitrate. Stained gels were analyzed by using image
J analysis software from the National Institutes of
Health, US (http://rsb.info.nih.gov/nih-image/).
Results and discussion
In insects, JH exhibited a regulatory effect on
protein synthesis. JH and 20E can suppress or induce
protein synthesis independently or antagonistically
(Hiruma et al., 1999; Zhou and Riddiford, 2002;
Dubrovsky, 2005; Fang et al., 2005; Flatt et al., 2005).
However, these hormones can also interact
synergistically (Fang et al., 2005) and it can be more
effective to induce protein synthesis (Flatt et al., 2006).
At the fifth instar larvae of Bombyx mori, 20E releases
hemolymph from the prothoracic gland on day 3, day
6, and day 9 (Sakurai and Imokowa, 1988). JH is
secreted during the fourth ecdysis and then
disappears from the hemolymph during early days of
the fifth instar. Following this, JH titer increases
gradually from day 5 until pupation (Niimi and
Sakurai, 1997).
The effect of fenoxycarb during last larval instar in
Bombyx mori has been studied in detail (Kamimura,
1995; Leonardi et al., 1996; Kamimura and Kiuchi,
1998; Dedos and Fugo, 1999; Monconduit and
Mauchamp, 1999). Application of fenoxycarb in the
last larval instar can induce a prolongation of the
larval stage and inhibit larval-pupal differentiation in
a dose- and application-time-dependent manner
(Kamimura and Kiuchi, 1998). In our study, the final
(fifth) larval instar stadium lasts 11 days: 8 days for
feeding, followed by 3 days of spinning to build the
cocoon in the control groups. Larvae started their
spinning behavior on day 8 and 97% of larvae showed
larval-pupal ecdysis on day 11. When fenoxycarb was
treated immediately after the fourth larval ecdysis
(day 0), spinning and pupation were delayed. The
length of the stage was prolonged for about 4 days;
spinning was seen on day 11 and 92% of larvae
showed spinning behavior but only 38% pupated. The
length of the fifth larval instar and cell death
progression in the day 6 treatment group were similar
to those in the controls. Almost all larvae showed
spinning behavior and pupation occurred on day 10
but when compared with the control groups; far more
larvae died during the larval-pupal ecdysis.
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The B. mori hemolymph contains many different
proteins. They are usually classified according to their
functions but their functions have not been
completely clarified yet. In this study, the major
hemolymph proteins are grouped as follows: storage
proteins (72 kDa-76 kDa), 30kDa proteins, lipophorin
(230 kDa), and vitellogenins (178 kDa and 42 kDa).
Effects of fenoxycarb on total protein content of
hemolymph and relative abundance of major proteins
were analyzed. Day 0 fenoxycarb applications (1 ng
and 10 ng) prolonged the larval period and pupation
did not occur in the 10 ng treated group, unlike the
controls. Monconduit and Mauchamp (1998)
reported that fenoxycarb treatments on day 0 suppress
the rise of ecdysteroid titer but Kamimura and Kiuchi
(1998) demonstrated that prothoracic glands improve
the ecdysone secretion ability on day 10 of the fifth
instar. Different studies showed similar results; day 0
application of JHAs prolonged the larval period of
silkworm in a dose dependent manner (Kamimura
and Kiuchi, 1998; Monconduit and Mauchamp, 1998;
Dedos et al., 2002). In the day 6 application groups (1
ng and 10 ng), fenoxycarb did not affect the length of
the fifth instar unlike day 0 applications. The only
effect is that larvae pupated 1 day earlier compared
with the control groups.
It has been reported that the total protein content
of hemolymph increases during the larval
development in some insect species. Total protein
concentrations in Drosophila (Chen, 1956) and Samia
cynthia (Laufer, 1960) were low at early stages but
increased just before puparium formation. In our
study, control groups showed similar results. The
protein concentrations in the control hemolymph
remained low at the beginning of the final instar and
then increased slowly until day 8 in both sexes. A peak
occurred on day 9, just before pupation,-and
following this peak the protein content of hemolymph
decreased gradually (Figure 1a). Endocrine
conditions during the fifth larval stage differ from
those of other larval instars and are important for
larval-pupal metamorphosis. The ecdysone levels
during the first 3 days of the last instar are
undetectable, but juvenile hormone is still found in
the hemolymph (Sakurai et al., 1998). Disappearance
of juvenile hormone on day 3 is required for recovery
of the prothoracic gland activity for secretion
ecdysone. Both ecdysone and juvenile hormone can
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be detected in the hemolymph (Sakurai et al., 1989)
after day 5 of the fifth instar. It seems that the low
protein content of the hemolymph results from
ecdysone depletion during first 3 days and
combination of ecdysone and juvenile hormone
stimulates the total protein level in the hemolymph
after day 5. The total hemolymph protein amount was
higher in females than in males during the fifth larval
instar. The yolk protein synthesis from the fat body of
females may be the reason for this result (Figure 1a).
When fenoxycarb was applied on day 0, the levels
of protein content of both sexes were observed to be
very similar to those of the controls for the first 4 days,
independent of the application dose. After day 5,
protein level began to increase gradually on day 0 in
the treatment groups when compared with the
controls, but the day 9 peak in the controls was not
seen in these experiment groups (Figure 1b for male,
1c for female). These results may be related to the
inhibition effect of the fenoxycarb on the ecdysone
release from the prothoracic gland. Kamimura and
Kiuchi (1998) reported that fenoxycarb application on
day 0 suppresses 20E secretion until day 12. It has
been shown that a juvenile hormone analogue
methoprene application to the fourth instar larvae of
B. mori causes the increase of the hemolymph protein
concentrations and this result arises due to preventing
sequestration of the storage proteins by the fat body
(Kajiura and Yamashita, 1992).
Fenoxycarb application (1-10 ng) on males on day 6
caused lower protein level compared to the controls, but
it began to increase on day 8 and did not decrease after
day 9, unlike in the controls (Figure 1d). The maximum
hemolymph protein content was determined on day 9
in both the control and day 6 experiment groups.
Application of 1 ng of fenoxycarb to female on day 6
caused a decline in protein content of hemolymph in
contrast to 10 ng application (Figure 1e). When the
hemolymph 20E and juvenile hormone levels are
considered on this day, our results indicate that these
changes in protein content may result from synergistic
effects of these 2 hormones (Fang et al., 2005).
During this study, 16-24 bands were determined
using SDS-PAGE with silver staining the hemolymph
proteins of control and experiment groups during the
fifth instar in B. mori. No qualitative difference was
found between males and females of the control groups
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Figure 1. Hemolymph total protein concentrations of fifth instar larvae (mg/mL). (a) control male and female; (b) 1 ng and 10 ng of
fenoxycarb subjected male larvae on day 0; (c) 1 ng and 10 ng of fenoxycarb subjected female larvae on day 0; (d) 1 ng and 10
ng of fenoxycarb subjected male larvae on day 6; (e) 1 ng and 10 ng of fenoxycarb subjected female larvae on day 6.

from day 0 to day 10, except for the female specific 42178 kDa determined molecular weight protein bands,
which probably corresponds vitellogenin, determined
on day 11 (Figure 2). Moreover, 30 kDa protein bands,
76-72 kDa protein bands, 230 kDa protein band, and
42-178 kDa protein bands were mainly estimated in the
larval hemolymph of B. mori.

30K proteins are synthesized and secreted into
hemolymph during the fourth instar but their
quantities are low up until the fifth instar (Gamo, 1978;
Tojo et al., 1980; Tomino, 1985). At the beginning of
the fifth instar, 30K proteins accumulate into the
hemolymph and reach high amounts after the
disappearance of JH from hemolymph (Izumi et al.,
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Figure 2. Control groups hemolymph protein profiles of fifth instar silkworm larvae. a) Female larvae, b) Male larvae (*) Major
hemolymph protein bands (230 kDa; estimated as lipophorin, 76 and 72 kDa; estimated as storage proteins, 30-25 kDa;
estimated as 30K proteins, 178 and 42 kDa protein bands (estimated as vitellogenin subunits) relative abundance analyzed by
image j analysis software.

1988; Kishimoto et al., 1999, Sun et al., 2007). Their
physiological function is not clear yet, but some known
functions are inhibiting apoptosis and playing a role in
immune function. In this study, 30 kDa protein bands
that may represent 30K proteins were detected in all
experiment groups (Figures 2-5). Especially after day 2,
these protein bands accumulated highly in both sexes
of the control groups (Figure 2). Relative abundance of
30 kDa proteins was lower than in the controls in day
0 application groups of both sexes during the early days
of the fifth instar but began to increase after day 3
(Figure 6a, b). Dedos et al. (2002) reported that when
fenoxycarb application was performed on day 0,
hemolymph fenoxycarb level was determined until the
42nd hour of fifth instar. Therefore, our results from
day 0 application groups indicate that rises in 30 kDa
protein levels occurred after the disappearance of
fenoxycarb and also it may suggest an inhibitory effect
of fenoxycarb on expression or releasing the 30 kDa
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proteins into hemolymph. Suppression effect of a
juvenile hormone analogue methoprene on 30K
proteins mRNA transcription has been reported in fat
body of final instar larvae both in vivo and in vitro
(Bosquet et al., 1989). Fenoxycarb treatment of 1 ng on
day 6 did not influence 30 kDa protein level (Figure 6c,
d) but 10 ng applications reduced it in both sexes
(Figure 6c, d). When we consider the development of
this experiment group of insects, they pupated
normally, which suggests that application of fenoxycarb
on this day did not influence the ecdysone level.
Therefore, ecdysone appeared ineffective for regulation
of hemolymph at 30 kDa protein level and these results
also suggest that inhibition effect of fenoxycarb on day
6 occurred only at high dose.
Relative molecular weights of 76 and 72 kDa
protein bands were estimated as storage protein 1
(SP1; methionine-rich storage protein) and storage
protein 2 (SP2; arylphorin), respectively. Previous

R. URANLI, E. GÖNCÜ, O. PARLAK

230 kDa

*230 kDa

*76 kDa
*72 kDa

*76 kDa
*72 kDa

*30-25 kDa

Day 11

Day 9
Day 10

Day 8

Day 7

Day 6

Day 5

Day 4

Day 3

Day 2

Day 1

Day 0

Day 11

(a) Female

MARKER

Day 9

Day 10

Day 8

Day 7

Day 6

Day 5

Day 4

Day 3

Day 2

Day 1

Day 0

0-1- ♀

*30-25 kDa

0-1 ♂

(b) Male

Figure 3. Female and male hemolymph protein profile after 1 ng of fenoxycarb applied on day 0 of the final instar larvae. a) Female, b)
Male (*) Major hemolymph protein bands relative abundance analyzed by image j analysis software.
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Figure 4. Female and male hemolymph protein profile after 10 ng of fenoxycarb applied on day 0 of the final instar larvae. a) Female,
b) male (*) Major hemolymph protein bands relative abundance analyzed by image j analysis software.
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Figure 5. Female and male hemolymph protein profiles after fenoxycarb application on day 6 of the final instar. a) 1 ng of fenoxycarb
applied on day 6. Marker lane located in between males and females. Males on the left of the marker. Females on the right of
the marker. b) 10 ng of fenoxycarb applied on day 6. Marker lane located on right, lanes of male located above the arrow left,
lanes of females located above the arrow right. (*) Major hemolymph protein bands relative abundance analyzed by image j
analysis software.

studies have shown that these proteins are important
for the insect metamorphosis and egg production.
Therefore, they are also called female specific proteins
but especially during the actively feeding stage they
were found in both sexes and their accumulation
occurred in hemolymph (Telfer and Kunkel, 1991).
76-72 kDa protein bands were determined from day 0
to day 11 of the fifth instar in the controls, both male
and female (Figure 2). However, the relative
abundance of 76 kDa protein decreased gradually in
male larvae of the controls until day 9 in contrast to
the female (Figure 7a,b). In addition to this finding
these protein bands were not found on day 11 in the
male group (Figure 2). All of these results indicated
that 76 kDa proteins may be utilized for pupal tissue
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formation and to synthesize female specific protein
vitellogenin. Similar results have been reported before
(Levenbook and Bauer, 1984; Terwilliger 1999). When
1 ng of fenoxycarb was applied on day 0, relative
abundance of 76 kDa proteins was lower in females
(Figure 7a). In contrast to this result in the same
group males showed that fenoxycarb application
enhanced the 76 kDa protein amount especially after
day 4 (Figure 7b). Results obtained from the day 0/1
ng of fenoxycarb treatment groups were completely
different from those of the controls. These results may
indicate that the larval-pupal transformation did not
take place in these experiment group animals. It has
been reported that application of methoprene to male
larvae of B. mori at the fourth instar increased SP1
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a
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d

Figure 6. Relative abundance of 30-25 kDa proteins (estimated as 30K proteins) in experiment groups. Relative abundance of 30 kDa
proteins in day 0 fenoxycarb application groups were lower in the early days of fifth instar in both a) female and b) male larvae
independent of dose. c) 1 ng of fenoxycarb application to female larvae on day 6 enhanced 30K protein for the first 2 days, in
contrast 10 ng application reduced protein abundance. d) Maximum 30K protein abundance was determined on day 9 in male
experiment group and it was higher than control and similar to female, 10 ng of dose inhibited 30K protein in hemolymph.

accumulation in the hemolymph (Kajiura and
Yamashita, 1992). Moreover, 10 ng of fenoxycarb
application to females on day 0 did not cause
differences in 76 kDa protein level (Figure 7a) but
relatively high protein levels were found in the male
group (Figure 7b). When fenoxycarb was applied on
day 6, there were no differences in females
independent of dose (Figure 7c) and only changes
were observed in males on day 9 in which peak was
not seen, unlike in the controls (Figure 7d).
The biological functions of arylophorins provide
amino acids for the synthesis of structural and
nutritional substances during metamorphosis in
insects. They also appear to be structural components
of the sclerotized cuticle in Calliphora vicine and

Manduca sexta (Urich, 1994). Relative abundance of
72 kDa in the female control group was high in the
early days of the fifth instar and small decreases were
determined until day 8 and rising again during the
prepupal period (Figure 8a). Similar results were
found in the 1 ng of fenoxycarb application on day 0
but, in contrast, 10 ng of fenoxycarb enhanced 72kDa
protein amount in female hemolymph (Figure 8a).
The relative abundance of 72kDa protein in the male
control group was estimated lower than that in
females and nearly the same level was determined
until day 11 (Figure 8b). Juvenile hormone analogue
fenoxycarb application on day 0 did not affect
fluctuation of this protein during the experiment
period independent of the applied dose.
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Figure 7. Relative abundance of 76 kDa protein (estimated as storage protein, SP1). a) 1 ng of fenoxycarb application to female on day
0 caused lower SP but 10 ng of dose did not cause an alteration but both of doses maintained the protein at a high level on day
11. b) Fenoxycarb applied males on day 0 showed high SP1 protein levels 4 days after treatment. c) Fenoxycarb application to
female larvae on day 6 had no effect on SP1 level in contrast, d) notably low SP1 level were determined in male in controls and
application groups.

Furthermore, 1 ng of fenoxycarb application on
day 6 to females did not influence the 72 kDa protein
abundance when compared with the controls until
day 8, but the protein peak observed on day 9 was not
determined in this experiment (Figure 8c) and a
relatively high dose of fenoxycarb showed a
suppressive effect in this female experiment group.
Future studies about female reproductive ability of
these experiment groups will help to clarify the results
of the reducing effect of fenoxycarb. However,
exposure of male larvae to fenoxycarb on day 6 of the
fifth instar had no effect on 72 kDa protein abundance
in hemolymph independent of the treatment dose
when considered in the controls (Figure 8d).
Vitellogenins are lipoglycoproteins with about 7%16% lipid and 1%-14% carbohydrate (Urich, 1994).
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They are female specific proteins that have 440 kDa
molecular weight (MW) and 2 subunits (MW: 178
kDa and 42 kDa) (Izumi et al., 1980). This protein is
synthesized in fat body and released in the
hemolymph of the pupa (Janarthanan et al., 1998). In
our study, estimated molecular weights of 178 and 42
kDa proteins were seen on day 11 of the final instar in
control females (Figure 2). These protein bands were
considered vitellogenin protein subunits. Besides this
result, 76 and 72 kDa protein bands’ density decreased
with vitellogenin synthesis on day 11 of the fifth instar
(Figure 2). It has been previously reported that, during
vitellogenin synthesis in B. mori, storage proteins
levels fall (Tojo et al., 1980; Ogawa and Tojo, 1981).
Day 0 applications inhibited 178 and 42 kDa proteins
(Figures 3 and 4). Ohnishi (1987) reported that
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Figure 8. Relative abundance of 72 kDa protein (estimated as storage protein 2, SP2). a) Abundance of 72 kDa protein in 1 ng of
fenoxycarb application on day 0 group females was approximately the same level with the control but 10 ng fenoxycarb
application induced this protein level in hemolymph, which was higher than controls; b) there were no significant differences
between the control and day 0 fenoxycarb applied male larvae c) fenoxycarb application to female on day 6 did not make a
difference in hemolymph SP2 protein d) fenoxycarb application to male on day 6 decreased SP2 protein in hemolymph, the
biggest differences between the control and experiment group were seen on day 10 in which larval-pupal ecdysis occurred in
the experiment groups.

vitellogenin expression in B. mori depends on
ecdysone. Therefore, the inhibitory effect of
fenoxycarb on vitellogenin synthesis in these groups
was probably related to metamorphic prevention by
inhibition of ecdysone secretion from the prothoracic
gland. Vitellogenin synthesis is induced or suppressed
by juvenile hormone analogues in different insect
species (Pinto et al., 2000; Comas et al., 2001). In
contrast with this result, 178 and 42 kDa protein
bands were detected in female larvae of day 6
experiment groups after treatment, which occurred
earlier than in the controls (Figure 9) and fenoxycarb
triggered overexpression of vitellogenin or early
release from the fat body. In addition, weak

Figure 9. Relative abundance of 178 kDa protein (estimated
vitellogenin subunit). Vitellogenin bands were firstly
determined just before pupation (on day 11) in the
control but fenoxycarb application to female on day 6
caused early presence of vitellogenin in hemolymph.
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vitellogenin bands were also detected in males (Figure
5). Fenoxycarb application on day 6 to male larvae
caused augmentation of female specific protein
amount like 76 kDa storage protein and vitellogenin
depending on the application dose. Early reports in
the pupal period of Antherae yamamai suggest that
juvenile hormone exerts a promoting effect on
vitellogenin synthesis in males (Gang-yin et al., 2002).
We found that the same effect of fenoxycarb in day 6
fenoxycarb treated males.
Lipid transport in insects occurs via reusable
transport proteins called lipophorins (Chino et al.,
1981). They were also involved in lipid resorption in
the intestine and transport of sterols, hydrocarbons,
and carotinoids. It has been reported that juvenile
hormone also bound to the lipophorins (Urich, 1994).
In our study, relative molecular weight 230 kDa

protein bands were seen in all days of the controls and
other groups (Figures 2-5). These protein bands were
estimated as lipophorin. Maximum abundance of
lipophorin in the control groups was determined at
the beginning of the fifth instar in both sexes but a
fairly high abundance was found in females (Figure
10). During the last larval stage, lipophorin levels were
stable in control groups both male and female. Kim
and Kim (1994) reported that lipophorin of B. mori
maintains a constant level during larval and pupal
stages. In all fenoxycarb application groups, 230 kDa
proteins’ relative abundance was higher than that in
the controls of both sexes (Figure 10). Fenoxycarb
application on day 0 enhanced lipophorin levels for
the first 4 days of the fifth instar independent of the
application dose and then decreased gradually and
had similar levels to the controls (Figure 10a, b).

a

b

c

control
day 6 1 ng

d

day 6 10 ng

Figure 10. Relative abundance of 230 kDa proteins (estimated as lipophorin). In all fenoxycarb application groups, 230 kDa proteins
relative abundance were higher than controls in both sexes. a) day 0 - 1 ng of fenoxycarb applied female group, b) day 0 - 1
ng of fenoxycarb applied male group; (c) day 6 - 1 ng of fenoxycarb applied female group, (d) day 6 - 10 ng of fenoxycarb
applied male group.
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Moreover, 10 ng of fenoxycarb application on day 0
seemed much more effective to induce lipophorin
level (Figure 10a, b). Our results suggest that
fenoxycarb application stimulated 230 kDa protein
synthesis after treatment and independent of the
application days (Figure 10). Juvenile hormone has
binding ability to the lipophorins and it may be
important for carrying this hormone in the
hemolymph (Urich, 1994). Therefore, lipophorin rises
just after the fenoxycarb treatment may be related to
this binding feature of juvenile hormone.

All of these results suggest that major hemolymph
proteins have different sensitivities to the juvenile
hormone analogue fenoxycarb. Application day and
sex are more important for the response and these
results may also be related to developmental
progression of all experiment groups.
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